Abstract
INTRODUCTION

75
Reduction-oxidation reactions drive life. In aerobic metabolism, electrons from reduced and metabolism.
87
The adjustment of metabolic fluxes in the chloroplast to a major extent is controlled by electron specificity and redundancy for the interaction between TRX-forms and target proteins, as, e.g.,
102
comparatively investigated by Collin et al. [7] .
103
Upon transition from dark to light or upon an increase in photosynthetic active radiation (PAR) 
151
The second model was constructed to simulate the FNR branch of the network (Fig. 3) .
152
Generated NADPH provided electrons to metabolism (v7) or to NTRC for reducing 2-CysPRX.
153
H 2 O 2 was adjusted to concentrations between 0 and 100 µM. Fig. 3B 
158
The simulation of the FNR-network presented in Fig. 4 focused on the time-dependent changes 159 in redox potentials. The increase of the clamped H 2 O 2 concentration from 10 (magenta) to 100 160 nM (black) switched the trend from increased reduction, equivalent to more negative redox 161 potentials, to more oxidation which is equivalent to less negative redox potentials.
162
In the next step, the FTR and FNR networks were combined (Fig. 5A) 
199
The final simulation explored the thermodynamic equilibrium between the NADPH system and model describes the FTR-based electron transfer to 2-CysPRX (Fig. 1A) , the second model 353 reveals the FNR-based electron transfer (Fig. 3A ) and the third model combines both models
354
( Fig. 5A) . (Fig.1 A) . FDX and H 2 O 2 were constant parameters.
14 360 FDX was constantly reduced by 50 % and the H 2 O 2 concentration varied from 0.3 nM to 10 µM.
361
The four variables were FTR, TRX-f1, FBPase and 2-CysPRX. Each variable could adopt the 362 oxidized and reduced state. Electrons were transferred from FDX (v1) via FTR to TRX-f1 (v2).
363
TRX-f1 distributed the electrons to FBPase (v3) and 2-CysPRX (v4). H 2 O 2 oxidized 2-CysPRX 364 (v5). The rate equations were implemented using mass action law (Appendix A1). In general the 365 reactions were formulated as reversible second order rates.
366
(
The transition from one electron transfer to two electron transfer takes place at FTR. Therefore,
368
two FDX are required to reduce FTR.
369
B) FNR network model
372
The second model aimed to describing the reduction power in the FNR branch toward 2-CysPRX 373 and represents the electron transfer via FNR and NTRC (Fig. 3A) . This FNR network model two electron transport) was represented in three forms; reduced, half reduced and oxidized.
377
Electrons were transferred from FDX (constant reduced 50%) to FNRox (v1) that results in half 378 reduced FNR form.
A further reduction by FDX of FNRsemired (v2) resulted in the fully reduced form of FNR 381 (FNRred).
FNRred transfered electrons to NADP + (v3) to produce NADPH. In order to mimic metabolic
384
NADPH consumption an estimated rate of NADPH decrease was included (v7). In this network
385
NADPH transfered electrons to NTRCox (v4) that led to reduced NTRC (NTRCred). The constructed consisting of the FTR and FNR networks (Fig. 5 A) . All components except FDX
393
and H 2 O 2 were variables and represented in reduced and oxidized form. Only FNR adopted three 394 different redox states; reduced, oxidized and half reduced.
395
The equilibrium constants K eq in all reactions were calculated using the standard cell potentials
396
E o of each cell reaction at pH 7 linked to the standard reaction Gibbs energy Δ R G o [32] :
where R is the gas constant, T the thermodynamic temperature, F the Faraday constant and n the constructed. The FTR model (Fig. 1A) , the FNR model ( Fig. 2A) and after their merging the 414 FTR-FNR model (Fig. 3A) . Table 6 ). The rate expressions are read 
